Abstract-The amount of depth perceived from a fixed pattern of horizontal disparities varies with viewing distance. We investigated whether thresholds for discriminating stereoscopic corrugations at a range of spatial frequencies were also affected by viewing distance or whether they were determined solely by the angular disparity in the stimulus prior to scaling. Although thresholds were found to be determined primarily by disparity over a broad range of viewing distances, they were on average a factor of two higher at the shortest viewing distance (28.5 cm) than at larger viewing distances (57 to 450 cm). We found the same pattern of results when subjects' accommodation was arranged to be the same at all viewing distances. The change in thresholds at close distances is in the direction expected if subjects' performance is limited by a minimum perceived depth.
INTRODUCTION
The magnitude of the horizontal disparities projected by an object in the world depends on both its structure and its distance from the observer. For a real object, the horizontal disparity between any pair of points on an object varies roughly inversely with the square of the viewing distance (Kaufman, 1974) . Therefore, to determine absolute depth (and to maintain stereoscopic depth constancy) from horizontal disparity it is necessary to incorporate information about viewing distance. The issue of depth constancy has a long history in the study of visual psychophysics and has recently seen an up-surge in interest (Wallach and Zuckerman, 1963; Ono and Comerford, 1977; Foley, 1980; Rogers and Bradshaw, 1993; Tittle et al., 1995; Glennerster et al., 1996) . Estimates of the magnitude of depth scaling accomplished by the visual system range from 30% to 100% (e.g. Johnston, 1991; Cumming et al., 1991; Rogers and Bradshaw, 1993, 1995; Bradshaw and Rogers, 1996) . This difference is mainly accounted for by two experimental factors: the distance cues in the stimulus (e.g. Predebon, 1993; Glennerster et al., 1998) and the task the observer is required to do (Glennerster et al., 1996) . Related results in physiology have been reported by Trotter et al. (1992) who showed that some cells in area V1 of the monkey modulate their response with changes in viewing distance, which suggests that retinal disparity alone may not determine the response characteristics of all the cells underlying disparity processing in the early visual pathway (see also Judge and Cumming, 1986; Erkelens, 2001 ).
These experiments demonstrate that the visual system takes viewing distance into account when making judgments about depth based on horizontal disparities. The question we focus on in the present paper is whether viewing distance is also taken into account when the sensitivity of the visual system to disparity information is determined, or whether thresholds are solely determined by angular disparity as measured at the retinae. Such an idea would at first seem to run counter to the traditional framework for understanding psychophysical thresholds based on signal detection theory (Green and Swets, 1966) which seeks to explain thresholds only in terms of the magnitude of the input signal (in this case disparity) and noise. Nevertheless, the idea of a minimum perceived depth limit is a long-standing one (Ogle, 1958; Jameson and Hurvich, 1959 ; see also Cormack, 1984; Harris et al., 1998) and there are several reasons to test the hypothesis again.
Both Jameson and Hurvich (1959) and Ogle (1958) reported that stereoscopic thresholds were determined solely by stimulus disparity (defined in angular terms) and they were invariant with viewing distance. Ogle (1958) , for example, presented a two-line display (one fixation line and one test) at two viewing distances, 0.5 and 10 metres. Observers were required to judge whether the test line was nearer or farther and he found a negligible effect of viewing distance. There are a number of reasons why the conclusions of these studies may not be definitive. First, the stereo thresholds reported by Ogle (1958) and Jameson and Hurvich (1959) were at least an order of magnitude higher than typically found with more modern experimental techniques that use rich (random-dot) surfaces as stimuli (e.g. Bradshaw and Rogers, 1999) . Therefore, the stereo system in the former experiments may not actually have been at a true threshold. Second, in the studies by both Ogle (1958) and Jameson and Hurvich (1959) , all cues to viewing distance with the exception of vergence angle were eliminated from their displays. Third, the closest viewing distances used by Jameson and Hurvich (1959) was 3 m whereas that used by Ogle was 0.5 m, which may not have been close enough to reveal any viewing distance dependency. This latter point may need some explanation. Stereoscopic thresholds may be determined by factors before or after viewing distance is taken into account. That is, thresholds may be based on the minimum amount of depth available in the stimulus, the minimum amount of disparity, or both. Crucially, which aspect controls performance may vary with viewing distance as represented in schematic form in Fig. 1 .
